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Indian Standard 

METHODS OF CHEMICAL ANALYSIS 
OF SLAB ZINC (SPELTER) 

(Revised) 



0. FOREWORD 

0.1 This Indian Standard ( Revised ) was adopted by the Indian Stand- 
ards Institution on 4 December 1964, after the draft finalized by the 
Methods of Chemical Analysis Sectional Committee had been approved 
by the Structural and Metals Division Council. 

0.2 This standard was first published in 1953 by the Basic Non-Ferrous 
Metals Sectional Committee, EDC 4 and covered methods of chemical 
analysis of elements specified in IS: 209-1950*, which was revised in 1956. 
Necessity was, therefore, felt to revise IS : 406-1953f also. JA11 the 
methods given in IS: 406-1953f have been replaced by more suitable 
methods. A method for determination of antimony and a polarographic 
method for determination of lead and cadmium have been included. 

0.3 In the formulation of this standard due weightage has been given to 
international co-ordination among the standards and practices prevailing 
in different countries in addition to relating it to the practices in the 
field in this country. This has been met by deriving assistance from the 
following publications: 

B.S. 1225 : 1945 Recommended methods for polarographic and 
spectrographs analysis of high purity zinc and zinc base alloys 
for die casting. British Standards Institution. 

1962 Book of ASTM methods for chemical analysis of metals. 
American Society for Testing and Materials. 

Furman (NH)and Scott (WW), Ed. Standard methods of 
chemicalanalysis. 1962. D. Van Nostrand Company Inc., New York. 



*Specification for zinc ( spelter ). 

fMethods of chemical analysis of slab zinc and zinc base alloys. 

JMethods for analysis of high purity zinc and zinc base alloys are covered under 
IS : 2600-1964 Methods of chemical analysis of high purity zinc and zinc bnse alloys 
for die casting. 
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0.4 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded 
off, it shall be done in accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard prescribes methods for the determination of lead, cad- 
mium, tin, arsenic, antimony and iron within the chemical composition 
ranges as specified in IS : 209-1956f. 

Note — The method for determination of zinc has not been included as it shall 
be computed by difference after all the impurities have been determined. 

2. SAMPLING 

2.1 Samples shall be drawn and prepared in accordance with the 
procedure laid down in IS : 1817-1961J. 

3. QUALITY OF REAGENTS 

3.1 Unless specified otherwise, pure chemicals and distilled water ( see 
IS : 1070-1960§ ) shall be employed in the tests. 

Note — 'Pure chemicals* shall mean chemicals that do not contain impurities 
which affect the results of analysis. 

4. GENERAL 

4.1 Use of Filter Papers — In some of the methods given in this standard, 
only relative numbers of Whatman filter papers, which are commonly 
used, have been specified. However, any other suitable brand of filter 
papers, of corresponding porosity may also be used. 

5. DETERMINATION OF LEAD BY THE GRAVIMETRIC METHOD 

5.1 Outline of the Method — The sample is dissolved in nitric acid and 
lead precipitated, filtered, ignited and weighed as lead sulphate. 

5*2 Reagents 

5.2.1 Dilute Nitric Acid— 1:1 ( v/v ). 

5.2.2 Dilute Sulphuric Acid— 1 : 1 ( v/v ). 

5.2.3 Lead-Acid Solution — Dissolve 0*5 g of lead nitrate in 200 ml of 
water and add with stirring 5 ml of concentrated sulphuric acid 



*Rules for rounding off numerical values ( revised ), 
fSpecification for zinc ( revised ). 

^Methods of sampling non-ferrous metals for chemical analysis. 
^Specification for water, distilled quality ( revised ). 
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sp gr 1*84) to the solution. Allow to stand for 24 hours and siphon or 
decant through a fine filter paper. Discard the precipitate. 

5.2.4 Ethyl Alcohol — 95 percent v/v. 

5.3 Procedure 

5.3.1 Transfer 10 g of the accurately weighed sample to a 600-ml 
beaker and add 50 ml of dilute nitric acid in small portions. When the 
solution of the sample is complete, add 25 ml of dilute sulphuric acid and 
evaporate to fumes of sulphuric acid. Cool, add 20 ml of water and 
again evaporate to white fumes. Cool, add 100 ml of lead acid solution, 
stir and allow to stand at about 50°G for one to two hours and finally 
bring to room temperature. Filter through a tared asbestos Gooch 
crucible and wash well with lead-acid solution. Reserve the filtrate 
for cadmium determination {see 6). 

5.3.2 Wash the precipitate with ethyl alcohol thrice, and dry for 
15 minutes in an air oven at 105°C and heat in a muffle furnace at dull 
redness ( 500° to 600°G ) to constant weight. Cool in a dessicator and 
weigh. 

5.4 Calculation 

Lead, percent = ^ x 68*33 
B 

where 

A = weight in g of leads sulphate, and 
B — weight in g of the sample taken. 

6. DETERMINATION OF CADMIUM BY THE GRAVIMETRIC 
METHOD 

6.1 Outline of the Method — From the filtrate preserved under 5.3.1, 
cadmium is separated as sulphide, finally converted into cadmium 
sulphate, filtered, ignited and weighed as CdS0 4 . 

6.2 Reagents — In addition to the reagents given under 5.2, the following 
reagents are required. 

6.2.1 Hydrogen Sulphide — gas. 

6.2.2 Concentrated Ammonium Hydroxide — 20 percent. 

6.2.3 Dilute Sulphuric Acid— 1 : 9 and 1 : 1 (v/v ). 

6.2.4 Dilute Hydrochloric Acid— 1 : 1 (v/v). 

6.3 Procedure 

6.3.1 Dilute the filtrate reserved for cadmium determination 
under 5.3.1 to about 400 ml. Heat to 50°C, pass hydrogen sulphide 
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and add concentrated ammonium hydroxide dropwise until considerable 
zinc sulphide forms . Continue passage of hydrogen sulphide for 
10 minutes more. Filter through filter paper No. 42 and wash with 
water. Transfer the paper with the precipitate to the original beaker 
and add 60 ml of dilute sulphuric acid. Cover with a watch glass and 
boil for 30 minutes. Filter through filter paper No. 42 and wash with hot 
water and discard the precipitate. 

6.3.2 Dilute the filtrate to 200 ml, heat to 50°C and pass hydrogen 
sulphide through the solution for one hour. Filter through filter paper 
No. 42. Pour 25 ml of hot dilute hydrochloric acid over the precipitate 
slowly and collect the filtrate in a weighed platinum basin. Wash the 
filter paper with a little hot water, add one millilitre of dilute sulphuric 
acid ( 1 : 1 ) to the filtrate and evaporate carefully until all the sulphuric 
acid is removed. Ignite at 550°C. Cool and weigh. 

6.4 Calculation 

A 
Cadmium, percent — — x 53*92 
B 

where 

A = weight in g of cadmium sulphate obtained, and 
B = weight in g of the sample taken. 

7. DETERMINATION OF LEAD AND CADMIUM BY THE 
POLAROGRAPHIC ( ALTERNATE) METHOD 

7.1 Outline of the Method — The sample is dissolved in hydrochloric 
acid and excess acid is removed by evaporation. The residue is dissolved 
in water and cadmium and lead are determined polarographically. 

7.2 Apparatus 

7.2.1 Platinum Electrodes 

7.2.2 Any type of standard polarograph may be used. 

7.3 Reagents 

7.3.1 Concentrated Hydrochloric Acid — sp gr 1*16 (conforming to 
IS:265-1962*). 

7.3.2 Potassium Chlorate Solution — 10 percent ( w/v ). 

7.3.3 Nitrogen Gas — oxygen free ( to remove oxygen, bubble the gas 
through alkaline pyrogallol ). 



♦Specification for hydrochloric acid ( revised \ 
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7.4 Procedure 

7.4*1 Dissolve 0*5 to 5 g of the accurately weighed sample, depending 
upon the percentages of lead and cadmium, in 10 to 25 ml of con- 
centrated hydrochloric acid, with gentle heating, if necessary. Add 
a few drops of potassium chlorate solution, boil for a few minutes 
and evaporate to a white foamy mass. Dissolve the residue in water and 
transfer to the 25-ml volumetric flask* Make up the volume to mark. 

7.4.2 Transfer a suitable portion of the solution to the electrolysis eell, 
deaerate by passing nitrogen for 10 minutes. Polarograph the solution 
for lead and cadmium and measure the steps at approximately — 0*45 V 
and — 065 V vs S.G.E. for lead and cadmium respectively. Compare 
the wave heights of lead and cadmium curves with those of the reference 
standards according to the procedure given under 7.4.3, after deducting 
the reagent blank obtained by following the above procedure. The con- 
centration of lead and cadmium are directly proportional to the respective 
corrected step heights. 

Note — If lead is high, cadmium should be determined in a separate sample 
after adding a few drops of zinc sulphate solution ( 5 percent ) to the aqueous solu- 
tion of the foamy mass to precipitate lead, and then making the volume to 25 ml. 

7.4.3 Reference Standard — Follow the above procedure with same 
amount of high purity zinc. After dissolution in the acid add definite 
amounts of lead and cadmium [ 0* 1 percent solutions of lead and cadmium 
are obtained by dissolving appropriate amounts of lead acetate, ( Pb 
( C 2 H 3 2 ) 2 3H 2 ) and cadmium chloride ( CdCl 2 ) , in water ] to make it 
comparable with the sample. Evaporate to a white foamy mass, redis- 
solve in water and make up the volume to 25 ml. Polarograph suitable 
portion of the solution after deaerating with nitrogen for 10 minutes and 
measure the step heights for lead and cadmium at approximately —0*45 V 
and— 0'65V vs S.C.E. respectively and deduct the blank. Garry out a 
blank with the same amount of high purity zinc without the addition of 
lead and cadmium and measure the step heights for lead and cadmium 
as above. 

8. DETERMINATION OF TIN BY THE REDUCTION 
(IODIMETRIC) METHOD 

8.1 Outline of the Method — Tin, in the solution of the sample, is reduced 
to stannous state and determined by titration with standard iodine 
solution. 

8.2 Apparatus 

8X1 It shall consist of a 500-ml conical flask fitted with a three-holed 
rubber stopper containing an inlet tube' for carbon dioxide, an air conden- 
ser and a hole for a burette. This hole shall be kept closed by means of 

8 
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a glass rod until the titration is started. During reduction, a very slow 
stream of carbon dioxide shall be passed through the flask. When the 
reduction is complete, the flow shall be increased to maintain a protective 
cover of carbon dioxide during the cooling and titration ( see Fig. 1 ). 



AIR CONDENSER 



BURETTE 
HOLE 




12 mm $ BORE 



CARBON 

fJT 113- ^ 0,0XI0E 



500-ml 

ERLENMEYER 

FLASK 



Fig. 1 Apparatus fob Reduction op Tin 



8.3 Reagents 

8.3.1 Dilute Hydrochloric Acid— 1:1 ( v/v ). 

8.3.2 Concentrated Hydrochloric Acid — See 7.3.1. 

8.3.3 Sodium Chloride — solid. 

8.3.4 Iron — relatively pure iron (not less than 99*85 percent in 
form of wire or strip ). 

8.3.5 Carbon Dioxide — gas. 

8.3.6 Starch Solution — one percent. 

8.3.7 Potassium Iodide Solution — 10 percent solution in water ( w/v j. 
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8.3.8 Standard Iodine Solution (0*0i N) — Dissolve 127 g of resub- 
limed iodine in a solution of 10 g of potassium iodide in 20 ml of water 
and dilute to one litre. Store in a glass stoppered amber-coloured bottle. 
Standardize against standard tin solution ( see 8.3.9 ) following the 
procedure described under 8.4. 

8.3.9 Standard Tin Solution (1 ml = l'O mg of Sn) —Weigh 
accurately 0*5 g of high purity tin and dissolve it in 150 ml of dilute 
hydrochloric acid by warming gently in a covered beaker; cool and make 
up the volume to 500 ml in a volumetric flask. 

8.4 Procedure 

8.4.1 Weigh accurately 20. g of the sample and dissolve it in 150 ml 
of dilute hydrochloric acid in a covered beaker by heating gently. 
Transfer the solution to a 500-ml Erlenmeyer flask, add 65 ml of con- 
centrated hydrochloric acid, 20 g of sodium chloride and 5 g of iron. 
Fit up the apparatus as. shown in Fig. 1. Heat to boiling with continuous 
evolution of gas for about 30 minutes. 

8.4.2 After the reduction is complete, cool the solution in the flask to 
about 10°C maintaining an atmosphere of carbon dioxide by passing the 
gas into the flask. Add 5 ml each of starch solution and potassium 
iodide solution and titrate with standard iodine solution. 

8.4.3 Carry out a blank determination following the same procedure 
and using the same amounts of all reagents, but without the sample. 

8.5 Calculation 

Tin, percent = L4—LiAS: x 100 

where 

A = volume in ml of standard iodine solution required for the 
sample, 

B = volume in ml of standard iodine solution required for the 
blank, 

C — tin equivalent of iodine solution in g/ml, and 

D = weight in g of the sample taken, 

9. DETERMINATION OF ARSENIC AND ANTIMONY BY THE 
CO-PRECIPITATION ( IODIMETRIC ) METHOD 

9.1 Outline of the Method — The sample is dissolved in nitric and hydro- 
chloric acids and arsenic and antimony are precipitated along with ferric 
hydroxide and determined after reduction and distillation as their 
trichlorides, by titration with standard iodine solution. 

10 
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9.2 Reagents 

9.2.1 Electrolytic Copper 

9.2.2 Concentrated Nitric Acid — sp gr 1*42 (conforming to 
IS: 264-1950*). 

9.2.3 Concentrated Hydrochloric Acid — See 7.3.1. 

9.2.4 Ferric Nitrate Solution — 20 percent solution in water ( wjv ). 

9.2.5 Concentrated Ammonium Hydroxide — 20 percent. 

9.2.6 Dilute Ammonium Hydroxide — 1 : 9 ( v/v ). 

9.2.7 Dilute Sulphuric Acid — 1 : 3 (v/v). 

9.2.8 Carbon Dioxide — gas. 

9.2.9 Hypo phosphorus Acid — 50 percent solution. 

9.2.10 Sodium Sulphite — solid. 

9.2.11 Methyl Red Indicator — Dissolve 0'1 g of the reagent in 60 ml 
of rectified spirit and dilute to 100 ml with water. 

9.2.12 Dilute Sodium Hydroxide Solution — 20 percent ( wjv ). 

9.2.13 Dilute Hydrochloric Acid" — 1:1 ( v/v ). 

9.2.14 Sodium Bicarbonate — solid. 

9.2.15 Starch Solution — one percent ( wjv ). 

9.2.16 Potassium Iodide Solution — 10 percent solution in water ( wjv)* 

9.2.17 Standard Arsenous Acid Solution — 0*02 N. 

9.2.18 Standard Iodine Solution (0*02 N ) — Dissolve 2*54 g of 
resublimed iodine in a solution of 10 g of potassium iodide in 20 ml 
of water. Dilute the solution to one litre with water. Store the solution 
in an amber-coloured glass stoppered bottle. Standardize the solution 
against standard arsenous acid solution as under 9.3,4. 

9.2.19 Tartaric Acid Solution — 25 percent ( wjv ). 

9.3 Procedure 

9.3.1 Take in a beaker 5 g of the accurately weighed sample and add 
0*5 g of electrolytic copper, dissolve in 30 ml of concentrated nitric acid 
and 10 ml of concentrated hydrochloric acid and add 10 ml of ferric 
nitrate solution. Boil the solution and dilute to about 200 ml and make 



•Specification for nitric acid. 

11 
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ammoniacal with concentrated ammonium hydroxide. Boil and allow 
to settle. Filter and wash the precipitate with dilute ammonium 
hydroxide thrice. Dissolve the precipitate through the filter paper with 
80 ml of dilute sulphuric acid and transfer the solution in the distillation 
flask {see Fig. 2 ). 



100-ml SEPARATING 
FUNNEL 

CONC HYDROCHLORIC 
ACID 



CARBON 
DIOXIDE 



THERMOMETER 



200-ml DISTILLATION 
FLASK 




400-ml BEAKER 



Fio, 2 Apparatus fob Determination of Arsenic and 
Antimony by Distillation 
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9.3.2 Pass 8 to 10 bubbles of carbon dioxide per minute through the 
solution and heat to white fumes. Cool, add 20 ml of water through the 
funnel and place a 250-ml beaker containing 50 ml of ice-cold water 
under the condenser so that the tip of the condenser dips in the water. Add 
through the funnel 35 ml of concentrated hydrochloric acid and one 
millilitre of hypophosphorus acid and pour 75 ml of hydrochloric acid in 
the funnel. Heat the flask and maintain the temperature of the solution 
at about 110°G by adjusting the flow of hydrochloric acid into the solu- 
tion. Continue- distillation until all the acid has been added. Rinse 
the' tip of the condenser and remove the beaker. Preserve the distillate 
for determination of arsenic ( see 9.3.4 ) . 

9.3.3 Place another 250-ml beaker containing 50 ml of water under 
the condenser so that the tip of the condenser dips under water. Add 
75 ml of concentrated hydrochloric acid . in the funnel and pour it gra- 
dually into the flask maintaining the temperature of the solution at about 
150°C until all the acid has been added. Lower the beaker containing 
the distillate, rinse the tip of the condenser, add one gram of sodium 
sulphite, place a cover on the beaker and boil until the volume is reduced 
to about 30 ml. Reserve the solution for the determination of antimony 
(see 9.3.5). 

9.3.4 Neutralise the cool distillate reserved for the determination of 
arsenic ( see 9.3.2 ) with dilute sodium hydroxide solution using methyl 
red indicator and then make just acidic with dilute hydrochloric acid. 
Cool, add 10 g of sodium bicarbonate, 5 ml of starch solution, one milli- 
litre potassium iodide solution and titrate with standard iodine solution. 

9.3.5 To the distillate reserved for the determination of antimony 
( see 9.3.3 ) add 80 ml of water and 10 ml of tartaric acid solution, 
nutralise with sodium hydroxide using methyl red indicator and make 
just acidic with dilute hydrochloric acid. Cool, add 10 g of sodium 
bicarbonate, 5 ml of starch solution, one millilitre of potassium iodide 
solution and titrate with standard iodine solution. 

9.3.6 Carry out a blank determination with 0*5 gof electrolytic copper 
by following the procedure described under 9.3.1 to 9.3.5. 

9.4 Calculations 

Arsenic, percent « LA^ Jf * 3-75 

A .. + (A 2 ~B 2 )C x 6 09 
Antimony, percent — -— ~ — ~r 

where 

A x = volume in ml of the standard iodine solution required 
for titrating arsenic in the sample, 

13 
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B 1 = volume in nil of the standard iodine solution required for 
the blank for arsenic, 

C — normality of the standard iodine solution, 

D = weight in g of the sample taken, 

A % — volume in ml of the standard iodine solution required for 
titrating antimony in the sample, and 

B 2 = volume in ml of the standard iodine solution required for 
the blank for antimony. 

10. DETERMINATION OF IRON BY THE THIOCYANATE 
(PHOTOMETRIC) METHOD 

10.1 Outline of the Method — The sample is dissolved in nitric acid 
and iron determined photometrically by measuring the intensity of the 
red brown complex of ferric thiocyanate at 480 m/J- approximately. 

10.2 Reagents 

10.2.1 Dilute Nitric Acid— 1 : 3 ( v/v ). 
10.2*2 Hydrogen Peroxide — 3 percent ( wjv ) . 

10.2.3 Ammonium Thiocyanate Solution — 10 percent (w/v). 

10.2.4 Standard Iron Solution (7 ml = 0*05 mg of Fe) — Dissolve 
0*351 1 g of ferric ammonium sulphate [ Fe ( NH 4 ) 2 ( S0 4 ) 2 . 6 H 2 ] in 
5 ml of dilute nitric acid (1:1). Dilute to one litre in a volumetric 
flask and mix. 

10.2.5 Zinc — low-iron drillings. 

10.3 Procedure 

10.3.1 Dissolve one gram of the accurately weighed sample in 20 ml of 
dilute nitric acid and boil to expei the nitrous fumes, cool and transfer 
to a 100-ml volumetric flask. 

10.3.2 Add one rnillilitre of hydrogen peroxide and 20 ml of ammonium 
thiocyanate solution and dilute to 100 ml. 

10.3.3 Transfer a suitable aliquot of the solution to a suitable 
absorption cell. Record the photometric readings using a light filter 
at 480 in/*. 

10.3.4 Add standard iron solutions to a set of 100-ml flasks each 
containing one gram of low iron zinc dissolved as under 10.3.1 and 
obtain the photometric readings following the procedure described 
under 10.3.2 and 10.3.3. Construct the calibration curve by plotting the 

14 
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photometric reading of the standard iron solutions against milligrams 
of iron per 100 ml of the solution. 

10.3.5 Calculation — Convert the photometric readings to milligrams 
of ir6n from the calibration curve and calculate the percentage of iron as 
follows: 

A 1 
Iron, percent = — X jx 

where 

A = weight in mg of iron found, and 

B = weight in g of the sample represented by the aliquot taken. 
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T.C. No. 1 4/1 421 , University P. O. Palayam, THIRUVANANTHAPURAM 695034 6 2117 



*Sales Office is at 5 Chowringhee Approach, P.O. Princep Street, 27 1 85 

CALCUTTA 700072 

tSales Office is at Novelty Chambers, Grant Road, MUMBAI 400007 309 65 28 

tSales Office is at 'F' Block, Unity Building, Narashimaraja Square, 222 39 71 

BANGALORE 560002 



Printed a! Simco Printing Press, Delhi. India 



